After a person has been injured, prehospital administration of plasma in addition to the initiation of standard resuscitation procedures in the prehospital environment may reduce the risk of downstream complications from hemorrhage and shock. Data from large clinical trials are lacking to show either the efficacy or the risks associated with plasma transfusion in the prehospital setting.
METHODS
To determine the efficacy and safety of prehospital administration of thawed plasma in injured patients who are at risk for hemorrhagic shock, we conducted a pragmatic, multicenter, cluster-randomized, phase 3 superiority trial that compared the administration of thawed plasma with standard-care resuscitation during air medical transport. The primary outcome was mortality at 30 days.
RESULTS
A total of 501 patients were evaluated: 230 patients received plasma (plasma group) and 271 received standard-care resuscitation (standard-care group). Mortality at 30 days was significantly lower in the plasma group than in the standard-care group (23.2% vs. 33.0%; difference, −9.8 percentage points; 95% confidence interval, −18.6 to −1.0%; P = 0.03). A similar treatment effect was observed across nine prespecified subgroups (heterogeneity chi-square test, 12.21; P = 0.79). Kaplan-Meier curves showed an early separation of the two treatment groups that began 3 hours after randomization and persisted until 30 days after randomization (log-rank chi-square test, 5.70; P = 0.02). The median prothrombintime ratio was lower in the plasma group than in the standard-care group (1.2 [interquartile range, 1.1 to 1.4] vs. 1.3 [interquartile range, 1.1 to 1.6], P<0.001) after the patients' arrival at the trauma center. No significant differences between the two groups were noted with respect to multiorgan failure, acute lung injury-acute respiratory distress syndrome, nosocomial infections, or allergic or transfusion-related reactions.
CONCLUSIONS
In injured patients at risk for hemorrhagic shock, the prehospital administration of thawed plasma was safe and resulted in lower 30-day mortality and a lower median prothrombintime ratio than standard-care resuscitation. T h e ne w e ngl a nd jou r na l o f m e dicine T he acute care of severely injured patients with hemorrhage after their arrival at a trauma center has evolved over the past decade.
1,2 Current treatment priorities include prevention of coagulopathy through minimization of the use of crystalloid-based resuscitation in favor of early blood component-based resuscitation that includes plasma and platelets in equal ratios with packed red cells. 3 These in-hospital practices, termed "damage-control resuscitation," are widely used for both battlefield and civilian resuscitation after traumatic injury. [2] [3] [4] [5] Initiation of the tenets of damage-control resuscitation in the prehospital environment has the potential to reduce downstream complications attributable to hemorrhage by intervening close to the time of injury, before the development of coagulopathy, irreversible shock, and the ensuing inflammatory response. [6] [7] [8] [9] Plasma transfusion mitigates the coagulopathy that can complicate traumatic hemorrhage, alters the inflammatory response after injury, and reduces the permeability of endothelial cells after hemorrhagic shock. 3, 7, [10] [11] [12] [13] [14] Despite these potential benefits, the risks associated with plasma transfusion in the prehospital environment remain unknown. High-level evidence is lacking to show its efficacy and support its use in the prehospital setting. [15] [16] [17] The Prehospital Air Medical Plasma (PAMPer) trial was designed to determine the efficacy and safety of prehospital plasma resuscitation as compared with standard-care resuscitation (not including plasma administration) in severely injured patients at risk for hemorrhagic shock. We hypothesized that prehospital administration of plasma would reduce 30-day mortality.
Me thods

Trial Design
The PAMPer trial was a pragmatic, multicenter, cluster-randomized, phase 3 trial involving injured patients who were at risk for hemorrhagic shock during air medical transport to a trauma center; outcomes in patients who received 2 units of thawed plasma (either group AB or group A with a low anti-B antibody titer) (the plasma group) were compared with outcomes in those who received standard-care resuscitation (the standard-care group) in the prehospital setting. 18 Other than the administration of plasma, we did not alter any aspect of treatment either during transport of the patients or after their arrival at the definitive trauma center. Prehospital administration of plasma was not part of standard care for any of the participating sites during the trial.
Trial Oversight
The trial was designed by the authors, and the Food and Drug Administration, the Human Research Protection Office of the Department of Defense, and the institutional review boards at the participating sites approved the design. The institutional review board at each site approved an exception from informed consent requirements, after consultation with community members and after public notification regarding the trial took place. We notified enrolled participants or their legally authorized representatives and asked them to provide, as soon as feasible, consent to continue participation. 19 An external data and safety monitoring board performed regular safety surveillance. No commercial support was involved in the trial. The authors vouch for the accuracy and completeness of the data and analyses and for the fidelity of the trial to the protocol (available with the full text of this article at NEJM.org). No one who is not an author participated in the writing or review of the manuscript.
Patient Population
Patients who were transported from the scene of their injury to a participating trauma center or who were transferred from an outside referral emergency department to a participating trauma center were eligible for enrollment in the PAMPer trial if they had at least one episode of hypotension (systolic blood pressure <90 mm Hg) and tachycardia (defined in this trial as a heart rate >108 beats per minute) or if they had any severe hypotension (systolic blood pressure <70 mm Hg), either before the arrival of air medical transport or any time before arrival at the trauma center (Table S2 in the Supplementary Appendix, available at NEJM.org). Patients were excluded if they were older than 90 years of age or younger than 18 years of age, if intravenous or intraosseous access could not be established in them, if they had had an isolated fall from standing, if they had a documented cervical cord injury, if they were known to be a prisoner, if they were known to be pregnant, if they had a traumatic cardiac arrest that lasted longer than 5 minutes, if they had a penetrating brain injury, if their injury was due to isolated drowning or hanging, if they had burns over more than 20% of their total bodysurface area, if they were being admitted as an inpatient at an outside referral hospital, if they or a family member voiced an objection to participation in the trial at the scene of the injury, or if they were wearing an "opt-out" bracelet, indicating that they wished to opt out of the PAMPer trial.
Randomization and Masking
We used a single-stage cluster randomization scheme because of the limited availability and short shelf life (5 days) of universal donor thawed plasma. Using computer-generated block randomization, we assigned air medical bases at each participating institution to the plasma group or the standard-care group for 1-month time intervals. Because of the cluster design of the trial, the treatment group to which eligible patients were assigned was based on the random assignment of the transporting base, irrespective of whether a patient received plasma or standardcare resuscitation at an outside hospital. The block scheme varied randomly among 2-month, 4-month, and 6-month block sizes during the period of enrollment. It was not possible for prehospital personnel and receiving physicians at the trial sites to be unaware of the treatment assignments because the trial intervention was a blood product, which requires full traceability. However, treatment assignments were concealed to personnel who assessed the trial outcomes.
Intervention
Air medical bases that were randomly assigned to the plasma group for the month were provided 2 units of either group AB or group A with a low anti-B antibody titer (<1:100) thawed plasma. The intervention consisted of the administration of 2 units of thawed plasma, which was initiated in the prehospital setting by the air transport team. Plasma was administered once a patient met all the inclusion criteria and none of the exclusion criteria and before other resuscitative fluids were initiated. The protocol required that both units of the prehospital-initiated plasma be infused to completion even if the infusion was still ongoing at the time of arrival at the trauma center. In cases in which completion of the infusion of the 2 units of plasma occurred during flight, standard trauma resuscitation (as defined by the local protocol) resumed until arrival at the trauma center. Plasma units that were used were replenished, and unused plasma units were exchanged before their expiration dates were reached.
For the air medical bases that were assigned to the standard-care group for the month, patients who met all the inclusion criteria and none of the exclusion criteria received standard-care resuscitation, which included infusion of a crystalloid solution as the primary resuscitative fluid, during the flight. As part of their standard resuscitation practice, air transport teams at 13 of the 27 air medical bases that participated in the trial also carried 2 units of universal donor red cells on all their flights. Indications for administration of red cells followed local protocols and were equivalent across the bases (Table S3 in the Supplementary Appendix). Air transport teams at bases that were assigned to the plasma group during a given month and that carried red cells on all their flights administered the 2 units of thawed plasma first. If a patient remained hypotensive after the plasma infusion or had obvious bleeding, transfusion of red cells then proceeded according to the local protocol. A standard operating procedure for goal-directed, crystalloid-based resuscitation on the basis of hemodynamic status was established to minimize the use of overly aggressive crystalloid-based resuscitation in both trial groups 15, 20 ( Fig. S1 in the Supplementary Appendix).
Outcomes
The primary outcome of the trial was mortality at 30 days. Prespecified secondary outcomes included mortality at 24 hours and in-hospital mortality; volumes of blood components and resuscitation fluid administered within 24 hours after enrollment; the incidence of multiorgan failure, acute lung injury-acute respiratory distress syndrome, transfusion-related acute lung injury, and nosocomial infection; and indexes of coagulopathy on the basis of measurements of prothrombin-time ratio and results of thromboelastography. We also analyzed the treatment effect on the primary outcome in prespecified subgroups defined according to receipt of a massive transfusion (defined as ≥10 units of packed red cells during the first 24 hours after the injury) (yes vs. no), receipt of 4 or more units of packed red cells during the first 24 hours after T h e ne w e ngl a nd jou r na l o f m e dicine the injury (yes vs. no), receipt of packed red cells in the prehospital setting (yes vs. no), occurrence of severe traumatic brain injury (defined as a score for injury to the head of >2 on the Abbreviated Injury Scale, on which scores range from 0 to 6, with higher scores indicating more severe injury) (yes vs. no), trial enrollment location (at the scene of injury vs. at a referral emergency department), history of treatment with a vitamin K antagonist (yes vs. no), history of treatment with an antiplatelet medication (yes vs. no), type of injury (blunt vs. penetrating), and prehospital transport time (short vs. prolonged).
Statistical Analysis
To determine an appropriate sample size, we assumed a 1:1 randomization of equal cluster sizes, with 32 clusters of 16 patients each, using an estimated intracluster correlation coefficient of 0.05 to adjust for potential unequal cluster sizes. We estimated that enrollment of 530 prehospital patients would result in 504 eligible patients with complete data and would provide the trial with 88% power to detect a difference of 14 percentage points (8.0% vs. 22.0%) in 30-day mortality between the plasma group and the standardcare group, on the basis of published mortality estimates. [21] [22] [23] [24] [25] [26] Approximately 2 years and 8 months after trial enrollment began, with approval from the data and safety monitoring board, the institutional review board at each site, and the Food and Drug Administration, we increased the planned sample size to 564 patients owing to a higher rate of ineligible patients in the prehospital setting than was initially estimated.
For the primary analysis, which was based on the modified intention-to-treat principle, we compared 30-day mortality in the plasma group with that in the standard-care group using a twosided pooled z test with continuity correction. We calculated the intraclass correlation, which was used to account for the cluster design in our primary analysis. When a patient's vital status at 30 days was unknown, the missing data were imputed with the use of multiple imputation (Table S5 in the Supplementary Appendix). We performed the following sensitivity analyses of the primary outcome: one that excluded all the patients whose vital status at 30 days was unknown, one that assumed that all the patients whose vital status at 30 days was unknown survived, and one that assumed 50% mortality among patients whose vital status at 30 days was unknown. A multivariate regression model with generalized estimating equations was used in the analysis of the primary outcome to adjust for unbalanced baseline variables between the two trial groups while accounting for clustering at the air medical base level, as specified in the protocol. The critical level of statistical significance for the primary analysis (P<0.038) was adjusted for two interim analyses, and all comparisons were conducted with the use of twosided tests. 27 A Bonferroni correction was used to account for multiple comparisons across the prespecified secondary outcomes and subgroup analyses (Table S6 in the Supplementary Appendix). Analyses were performed with the use of Stata software, version 15MP (StataCorp).
R esult s
Patients
From May 2014 through October 2017, a total of 7275 patients who were transported by air medical transport by personnel from 27 individual air medical bases to 9 participating trauma centers were assessed for eligibility. A total of 564 patients were eligible for enrollment in the prehospital setting. Of these patients, 230 were transported from air medical bases that were randomly assigned to the plasma group, and 271 were transported from bases randomly assigned to the standard-care group; these 501 patients met all the inclusion criteria and none of the exclusion criteria and comprised the modified intention-to-treat cohort (Fig. 1) .
Most of the patients (72.7%) were men, and most (82.4%) had an injury caused by blunt trauma, with a median Injury Severity Score of 22 (interquartile range, 13 to 30; scores range from 0 to 75, with a score of >15 indicating major trauma) and an overall 30-day mortality rate of 29.6%. Prehospital intubation occurred in 256 patients (51.1%), and 174 patients (34.7%) received a prehospital red-cell transfusion. Surgeons performed urgent operative procedures in 58.4% of patients during the initial 24 hours after enrollment.
Owing to the pragmatic design of the trial, patients who met all the inclusion criteria and none of the exclusion criteria could be enrolled either during transfer directly from the scene of an accident or during transfer from an outside referral emergency department that did not have the appropriate capabilities to treat severely injured trauma patients. The 111 patients who were transferred from outside referral emergency departments had demographic and injury characteristics that were similar to those of the 390 patients who were enrolled during transfer directly from the scene of their injury but had longer prehospital transport times from the time of measurement of qualifying vital signs to arrival at the trauma center (52 minutes [interquartile range, 40 to 70] vs. 39 minutes [interquartile range, 31 to 49]). The percentage of patients who underwent prehospital intubation was lower among those who were transferred than among those who were enrolled at the scene (37.3% vs. 51.9%), and the percentage who received prehospital transfusion of packed red cells was higher among those who were transferred (45.9% vs. 30.8%). The percentage of patients who were transferred from outside referral emergency departments was similar in the two trial groups (21.8% in the standard-care group and 22.6% in the plasma group).
Protocol Adherence
Prehospital treatment teams administered the assigned treatment (irrespective of volume) in 496 of the 501 participants (99.0%). In the plasma group, 205 patients (89.1%) received 2 units of plasma, 21 patients (9.1%) received 1 unit of plasma, and 4 patients (1.7%) received no plasma owing to logistic challenges during prehospital care. The plasma infusion was completed during air medical transport in 84.4% of the patients, with the plasma infusion in the remaining pa- In accordance with approval requirements of the Food and Drug Administration and of the institutional review board at each site, data from participants who either withdrew consent or were excluded because of ineligibility could not be included in the analyses. Owing to the randomization scheme that was used, there was an imbalance between the two groups in the number of patients enrolled. As prespecified in the study protocol, multiple imputation of missing data was used in the primary analysis for the 20 participants whose vital status at 30 days was unknown. The primary outcome was mortality at 30 days. 
One patient (0.4%) in the standardcare group received prehospital plasma at the referral hospital before transport. Patients in the standard-care group, for whom plasma was unavailable, received greater volumes of prehospital crystalloid solution than the patients in the plasma group, and a higher percentage of patients in the standard-care group received red-cell transfusions before their arrival at the trauma center ( Table 1) . The demographic characteristics, prehospital vital signs, and injury characteristics were similar in the two trial groups.
Primary Outcome
Data on the primary outcome were available for 481 patients (96.0%). At 30 days after randomization, there were 89 deaths in the standardcare group and 53 deaths in the plasma group. After multiple imputation was performed for the 20 patients whose vital status at 30 days was unknown (10 patients in each group), 30-day mortality, accounting for intracluster variation, was lower among patients who received thawed plasma than among those who received standard care (23.2% vs. 33.0%; difference, −9.8 percentage points; 95% confidence interval [CI], −18.6 to −1.0; P = 0.03; intracluster correlation coefficient, 0.02). In sensitivity analyses of 30-day mortality that were based on various methods of handling missing data on vital status, significant differences remained between the two trial groups (Table S9 in the Supplementary Appendix). When multivariate regression was used to adjust for the volume of prehospital crystalloid solution administered and for the percentage of patients who received prehospital red-cell transfusion, while also accounting for clustering at the base level, administration of prehospital plasma was associated with a risk of death within 30 days after randomization that was 39% lower than the risk with standard care (adjusted odds ratio, 0.61; 95% CI, 0.40 to 0.91; P = 0.02). The KaplanMeier survival curves showed an early separation of the two groups that began 3 hours after randomization (Fig. S2 in the Supplementary Appendix) and remained until 30 days (720 hours) after randomization (log-rank chi-square test, 5.70; P = 0.02) (Fig. 2A) .
The results of the analysis of mortality at 30 days in the nine prespecified subgroups revealed lower mortality at 30 days in the plasma group than in the standard-care group in a majority of the subgroups (Fig. 2B) . There was no heterogeneity of the treatment effect across the subgroups (heterogeneity chi-square test, 12.21; P = 0.79). We tested the interaction between treatment group and each subgroup variable; no significant interactions were observed after adjustment for multiple comparisons.
Secondary Outcomes
Mortality at 24 hours and in-hospital mortality were lower in the plasma group than in the standard-care group (Table 2) . Patients in the plasma group received fewer units of blood components overall and fewer units of packed red cells within 24 hours after enrollment and had a lower median prothrombin-time ratio at the time of the first blood sampling after arrival at the trauma center than patients in the standardcare group. When P values were adjusted for multiple comparisons, only the difference in prothrombin-time ratio between the trial groups remained significant. No significant differences between the groups were noted with respect to other resuscitation-related variables at 24 hours; the incidence of multiorgan failure, acute lung injury-acute respiratory distress syndrome, or nosocomial infections; or the results of thromboelastography at admission.
Safety
We observed no documented cases of transfusionrelated lung injury during the trial. Five patients (2.2%) in the plasma group had transfusionrelated reactions or allergic reactions that were considered to be possibly related to the trial treatment; these reactions were assessed as minor by personnel at the blood bank services at each site at which the reaction was reported. The management of each such reaction occurred during transport or at the time of arrival at the trauma center without further complication. One transfusion-related or allergic reaction (0.4%) was reported in the standard-care group. A total of 10 adverse events, which were defined as any events that were considered to be related to the trial regimen, were reported in the trial population; 3 of these were designated as serious adverse events (1 in the plasma group and 2 in the standard-care group) ( Table 3) . A list of protocol violations according to trial group is provided in Table S11 in the Supplementary Appendix. * No significant differences were observed between the two groups in the above characteristics except where noted. Continuous variables were compared with the use of the Mann-Whitney U test, and categorical variables were compared with the use of Fisher's exact test. IQR denotes interquartile range. † Race and ethnic group were determined by patient or family-member report. ‡ The percentages for the subcategories of this variable are based on the number of patients assessed for this variable rather than on the total number of patients in each trial group. § P = 0.01. ¶ P<0.001. ‖ Scores range from 3 to 15, with lower scores indicating worse mental status. ** Data were unavailable for one patient in the plasma group. † † Scores range from 0 to 75, with a score of greater than 15 indicating major trauma. Data were unavailable for two patients in the standard-care group and four patients in the plasma group. ‡ ‡ Scores range from 0 to 6, with higher scores indicating more severe injury; a score of greater than 2 indicates a severe traumatic brain injury. Data were unavailable for two patients in the standard-care group and three patients in the plasma group. 
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Prehospital Administr ation of Plasma
Discussion
Resuscitation strategies for the acutely injured patient in hemorrhagic shock have evolved, with patients benefitting from receiving less crystalloid-based therapy and early balanced blood component-based therapy once they arrive at a facility for definitive care. 2, 3, 22 Despite these changes, a majority of deaths from traumatic hemorrhage continue to occur in the first hours after arrival at the trauma center, which underscores the importance of the prehospital environment for early interventions that provide benefit. 2, 3, 22, 28 Among the 501 eligible patients who were enrolled in the prehospital setting in our trial, the group that received prehospital plasma had significantly lower mortality at 24 hours and at 30 days and a lower median prothrombin-time ratio than the patients who received standard care. Patients in the plasma group did not have a higher incidence of inflammatory-mediated complications, such as multiorgan failure, acute lung injury-acute respiratory distress syndrome, or nosocomial infections. 15, 20, 25, 26, 29 Despite the potential concerns that administration of prehospital plasma may be associated with transfusion-related complications, no cases of transfusion-related lung injury were documented in our trial, and only a low incidence of minor allergic reactions and transfusion-related reactions potentially related to plasma administration was noted.
This clinical trial has a number of strengths. First, the trial was pragmatic in design, with simple inclusion criteria that were based on vital signs and with limited exclusion criteria. Second, given that each patient's injuries could not be fully characterized before their arrival at the trauma center, patients with a wide spectrum of injuries and severities of injury were enrolled. Prespecified subgroup analyses showed a consistent survival benefit in the plasma group across various injury types, which suggests broad generalizability of the results. Third, the intervention consisted of a relatively small volume of prehospital plasma, which resulted in a robust mortality benefit. Previous trials have shown benefit when plasma is incorporated into resuscitation practice after the patient's arrival at the trauma center. 3, 30, 31 These benefits may be magnified when plasma is provided close to the time of injury. The underlying mechanisms responsible for this survival benefit may include a reduction in bleeding or coagulopathy, a diminution of the inflammatory response or endothelial dysfunction of trauma, or both. 6, 10, 32, 33 Limitations of the trial include its cluster design, which was essential for the conduct of the trial because of the limited availability and short shelf-life of the thawed plasma intervention. The randomization scheme resulted in imbalanced enrollment, and the inability to mask the intervention resulted in the potential for treatment bias. There were differences between the two groups in the volume of prehospital crystalloid solution administered and in the percentage of patients who received red-cell transfusions before their arrival at the trauma center, although we adjusted for these differences in the primary analysis. These differences were inherent in the design of the trial owing to the need to resuscitate hypotensive patients with trauma in the standard-care group without the use of plasma. Despite the fact that the percentage of patients who were transferred from outside referral Panel A shows Kaplan-Meier estimates of survival among patients who received standard-care resuscitation or plasma resuscitation in the prehospital setting. The time at which qualifying vital signs were recorded in the prehospital environment represents time zero. A Cox proportional-hazards regression model, which was adjusted for imbalances between the groups in the volume of prehospital crystalloid solution administered and in the percentage of patients who received prehospital red-cell transfusion, stratified according to air medical base, showed a lower risk of death within 30 days after randomization in the plasma group than in the standard-care group (hazard ratio for death, 0.64; 95% CI, 0.45 to 0.91; P = 0.01). Panel B shows the odds ratio of 30-day mortality in the nine prespecified subgroups. The solid vertical line represents an odds ratio of 1.0, indicating no difference in mortality between the standard-care group and the plasma group. The dotted vertical line represents the overall odds ratio for treatment effect in the modified intention-to-treat cohort of patients for whom information on vital status at 30 days was not missing. Adjusted P values were calculated for the interaction between treatment group and each subgroup in a logistic-regression model with 30-day mortality as the outcome to determine whether there was a significant effect of treatment on the outcome across each subgroup; significance levels were adjusted for multiple comparisons with the use of a Bonferroni correction.
T h e ne w e ngl a nd jou r na l o f m e dicine § Significance levels were adjusted with the use of a Bonferroni correction to account for multiple comparisons. Adjusted P values were calculated by multiplying the observed P value by the number of comparisons (27 tests, which included all the secondary outcomes and subgroup interactions). ¶ Data were unavailable for 29 patients in the standard-care group and 24 patients in the plasma group. ‖ Thromboelastography was used to assess the viscoelastic properties of blood samples obtained during the trial. ** Activated clotting time is the time between the initiation of the test and the initial formation of fibrin and is longer when a patient has a clotting factor deficiency or severe hemodilution. Data were unavailable for 73 patients in the standard-care group and 66 patients in the plasma group. † † K-time is the time that is needed to reach 20-mm clot strength and is generally longer when a patient has hypofibrinogenemia or a platelet deficiency. Data were unavailable for 72 patients in the standard-care group and 66 patients in the plasma group. ‡ ‡ Alpha-angle is the slope of the tracing that represents the rate of clot formation; the value decreases when a patient has hypofibrinogenemia or a platelet deficiency. Data were unavailable for 64 patients in the standard-care group and 60 patients in the plasma group. § § The maximal amplitude is the greatest amplitude of the tracing and reflects the contribution of platelets to clot strength. Data were unavailable for 63 patients in the standard-care group and 60 patients in the plasma group. ¶ ¶ LY30 is the percent reduction in amplitude 30 minutes after the maximal amplitude is reached; when elevated, it reflects a state of hyperfibrinolysis. Data were unavailable for 113 patients in the standard-care group and 98 patients in the plasma group.
emergency departments and the percentage of patients who were enrolled at the scene of injury were similar in the two treatment groups, the inclusion of transfer patients in the trial had the potential to introduce bias owing to differences in treatment before arrival at the trauma center. 34 In the PAMPer trial, we planned for potential intracluster variation with an adequate sample size and robust statistical power. Because the trial was a multicenter trial, there were differences among the sites in their standard-care resuscitation practices and in their ability to carry other blood components. Although we cannot determine the independent or additive effects of prehospital administration of plasma and packed red cells, the survival benefits attributable to plasma administration persisted after adjustment for prehospital red-cell administration, and a subgroup analysis showed no heterogeneity of the treatment effect. Although we adjusted for differences between the groups in the volume of prehospital crystalloid solution in our primary analysis, we are unable to determine whether the lower volume of prehospital crystalloid solution in the plasma group had an additive benefit to patient outcomes. It is possible that specific mechanisms of injury, types of injury, patient characteristics, or prehospital modes of transport may alter the benefit derived from an intervention of prehospital plasma. 34, 35 Missing data limited the ability to draw conclusions from comparisons of laboratory measurements and results of thromboelastography. We used a modified intention-to-treat approach for the analysis of the primary outcome that was not prespecified in the protocol because of the limitations of prehospital enrollment of critically injured patients and the regulatory challenges associated with trial designs based on exception from informed consent.
In conclusion, in patients at risk for hemorrhagic shock, the administration of thawed plasma during prehospital air medical transport was safe and resulted in lower 30-day mortality and a lower median prothrombin-time ratio than standard-care resuscitation.
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